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New paradigm for light field manipulation: liquid crystal
empowered multidimensional dynamic control
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Abstract: Optical field manipulation, as a core method for manipulating beams, provides a key technical
pathway for generating complex optical fields and expanding their functions through precise control over
dimensions such as amplitude, phase, polarization, mode, and wavelength. Leveraging the dielectric and
optical anisotropic properties, liquid crystal (LC) materials, combined with LC photoalighment technology
to achieve spatial programming of molecular alignment, exhibit unique advantages of dynamic tunability
and high integration in multi-dimensional light field modulation. This paper systematically analyzes the

modulation mechanisms of LCs for dimensions including phase, polarization, amplitude, mode, and
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wavelength of the optical field, discusses the modulation methods of L.LC materials for structural beams

such as Airy beams, Bessel beams, phase vortex beams, and vector vortex beams, and elaborates on the

latest research progress in dynamic tuning of light field dimensions by L.Cs.
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Fig.1 Schematic diagram of photoalignment systems. (a) Photomask exposure technology *'; (b) Holographic interference

exposure technology“”; (¢) Dynamic maskless photoalignment technology based on DMD'; (d) Single-stepoptical

projection exposure technology based on SLM"™.
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Fig.2 Principle of liquid crystal optical phase array. (a) Schematic diagram of realizing fast beam steering using liquid crystal

optical phase array'™; (b) Structure and response speed of liquid crystal optical phase shifter in middle-infrared band™".
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Fig.3 Applications of phase spatial light modulator. (a) System and zooming ability of phase-only spatial light modulator'™ ;

(b) System schematic diagram of realizing eye-box expansion based on obliquely illuminating spatial light modulator

and display quality under AR mode ™ ; (c¢) Experimental set-up of dynamically manipulating steady optical beam

using spatial light modulator' ™.
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Fig.4 Principle and zooming ability of tunable liquid crystal lens. (a) Principle and results of tunable liquid crystal metalens ™' ;

(b) Polarization-dependent tunable liquid crystal metalens in visible region'™'; (c¢) Principle of non-mechanical tunable

liquid crystal metalens ™.
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Fig. 9

Liquid crystals integrated with metasurfaces that enables dynamic modulation of BIC. (a) Precise tunability of high

Q-factor and ultra-narrowband filtering systems realized by integrating liquid crystals with metasurfaces™" ;

(b) Schematic diagram of the liquid crystal integrated device and the active modulation of quasi-BIC from the Off

state to the On state'™*,
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